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57 ABSTRACT 
A combination pitot pump and centrifugal separator for 
pumping contaminated fluids and for separating con 
taminants from the pumped fluid includes a rotatable 
hollow casing. Contaminated fluid is delivered to the 
interior of the casing and a pumped fluid discharge duct 
is provided coaxially from the casing. A stationary pitot 
tube is supported within the casing for collecting, by a 
ram effect, cleaned fluid from the interior of the casing 
at a selected location between the casing axis and its 
outer periphery, and for converting the velocity head of 
the collected fluid to pressure in the course of supplying 
the collected fluid to the discharge duct. A plurality of 
orifices are formed through the outer periphery of the 
casing for discharging from the casing contaminant 
matter in fluid introduced into the casing and separated 
centrifugally therefrom within the casing. Vane means 
extend into close proximity to the inner surface of the 
casing at the outer periphery thereof for agitating and, 
if necessary, dislodging centrifugally separated accumu 
lations of contaminant matter on the casing inner sur 
face and thereby promote movement of the contami 
nant matter through the orifices. The outer end portion 
of the vane means may be arranged to direct a jet of 
relatively clean fluid to the inner surface of the casing. 

70 Claims, 10 Drawing Figures 
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1. 

COMBINATION PITOTPUMP AND 
CENTRIFUGAL SEPARATOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention pertains to centrifugal separators for 

fluid. More particularly, it pertains to pitot pumps for 
separating contaminants, such as viscous liquids or sol 
ids, from principal fluids and for pumping the cleaned 
principal fluid. 

2. Review of the Prior Art 
Pitot pumps are a form of centrifugal pump and typi 

cally include a hollow rotatable casing disposed within 
a surrounding housing, means for delivering a fluid to 
be pumped to the casing, and a pitot tube fixed in the 
casing for collecting fluid at a desired point in the casing 
spaced from its rotational axis with a ram effect. Such 
pumps also include a discharge system for receiving 
fluids from the pitot tube and for discharging the same 
at a desired pressure coaxially of the casing. Such pitot 
pumps are shown in U.S. Pat. Nos. 3,795,459, 3,817,659 
and 3,838,939, all of which are owned by the assignee of 
this invention. 

Pitot pumps are used for many purposes. One use, 
which illustrates the problems to which this invention is 
addressed, is to supply motive pressurized liquid to a 
hydraulic pump located in the bore of an oil well for 
pumping oil out of the well into a suitable collection 
facility. In such an application, the motive fluid for the 
well bore pump may be a portion of the oil produced 
from the well itself and supplied to the inlet of the pitot 
pump. Very often, however, the oil taken from the well 
contains contaminants, notably sand, which should be 
removed from the oil before it is returned under pres 
sure to the pump located in the well; the presence of 
said in the pressurized oil supplied to the well bore 
pump produces undue wear and damage to this pump. It 
has, therefore, been proposed to construct a pitot pump, 
to which oil is supplied from the well for pressurization 
prior to return to the well bore pump, as both a pump 
and as a centrifugal separator in which sand or other 
contaminants are removed from the oil as the oil is 
pressurized, i.e., pumped. See, for example, U.S. Pat. 
No. 3,817,446 owned by the assignee of this invention. 
Experience with the pitot pump-separators of the 

character shown in U.S. Pat. No. 3,817,446 has shown 
that sand and other solid or heavy viscous contaminants 
in the principal fluid tend to accumulate on the inner 
walls of the rotatable casing adjacent its outer periphery 
and thereby clog or plug the ducts and jets provided 
generally radially through the casing outer periphery. 
These ducts and jets discharge the contaminants from 
the casing into the housing separately from discharge of 
the principal fluid from the pump-separator coaxially of 
the casing. Such clogging of the contaminant discharge 
ducts and jets is a major one of the several problems to 
which this invention is successfully addressed; other 
ones of these problems, and the solutions of the same, 
are made apparent hereinafter. 

SUMMARY OF THE INVENTION 

This invention successfully meets the clogging prob 
lem outlined above. This problem, as well as other prob 
lems, is overcome by the use of techniques and struc 
tures which are simple, effective, efficient and reliable, 
and which are economic in that they are compatible 
with, and make effective use of elements, arrangements 
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2 
and components of presently available pitot pumps and 
pitot pump-separators. 

In general structural terms, this invention may be 
summarized as constituting a combination pitot pump 
and centrifugal separator which includes a rotary casing 
mounted for rotation in a selected direction about an 
axis. Means are provided for delivering to the interior of 
the casing a contaminated fluid to be pumped and 
cleaned. A pumped fluid discharge duct is defined coax 
ially with the casing. A pitot tube extends radially of the 
casing axis in the casing and has, adjacent its outer end, 
an inlet facing in a direction opposite to the direction of 
rotation of the casing. The pitot tube has a passage 
connected to the inlet and extending generally in the 
direction of casing rotation and also toward the axis to 
an outlet connected to the discharge duct. Orifice 
means are carried by the outer periphery of the casing 
and communicate between the interior and the exterior 
of the casing for discharging from the casing contami 
nant matter in fluid introduced into the casing and sepa 
rated centrifugally therefrom within the casing. The 
combination pump-separator also includes means opera 
ble during pumping and separating operation of the 
pump and separator for agitating centrifugally sepa 
rated accumulations of contaminant matter on the cas 
ing inner surface along the entire extent of the outer 
periphery of the casing. Also this invention constitutes 
a centrifugal separator for separating particulate and 
sludge contaminants from a liquid carrier medium. The 
separator includes a rotary casing mounted for rotation 
about an axis. Means are provided for delivering to the 
casing a liquid medium containing contaminant material 
and for conducting from the casing liquid medium from 
which the contaminant material has been removed. 
Orifice means are carried by the outer periphery of the 
casing and communicate between the interior and the 
exterior of the casing for discharging from the casing 
contaminant matter in liquid introduced into the casing 
and separated centrifugally therefrom within the casing. 
The separator also includes agitating means in the cas 
ing mounted for rotation of the casing relatively there 
past. The agitating means are disposed in operative 
association with the orifice means inwardly toward the 
axis from the path of movement of the orifice means 
during rotation of the casing. The agitating means are 
operable during separating operation of the separator 
for agitating centrifugally separated accummulations of 
contaminant matter on the inner surface of the casing 
along the path of the orifice means adequately to pre 
vent substantial clogging of the orifice means by the 
contaminant matter. 

DESCRIPTION OF THE DRAWINGS 
The above-mentioned and other features of this in 

vention, and also additional problems solved by this 
invention, are more fully set forth in the following de 
tailed description of presently preferred embodiments 
of the invention, which description is presented with 
reference to the accompanying drawings, wherein: 
FIG. 1 is a transverse cross-sectional elevation view 

of a combination pitot pump and centrifugal separator; 
FIG. 2 is a cross-section view taken along line 2-2 in 

FIG. 1; 
FIG. 3 is an enlarged fragmentary cross-section view 

taken along line 3-3 in FIG. 1; 
FIG. 4 is an enlarged view taken along line 4-4 in 

FIG. 1; 
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FIG. 5 is a cross-section view taken along line 5-5 in 
FIG. 4; 
FIG. 6 is a longitudinal vertical cross-sectional view 

of another pump-separator; 
FIG. 7 is a partial end view, with parts broken away 5 

and in cross-section, of the pump-separator shown in 
FIG. 6; 
FIG. 8 is an elevation view of an elastomeric protec 

tor member for use in a pump-separator according to 
this invention, as shown in FIG. 7; 
FIG. 9 is a fragmentary cross-sectional elevation view 

of portions of another pump-separator; and 
FIG. 10 is a graph on semi-logarithmic coordinates of 

cleaning efficiency relative to the micron size of solid 
contaminants in fluid supplied to an exemplary pump- 15 
separator operated at different flow rates. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

A pitot pump-separator 10, shown in FIGS. 1-5 and 20 
especially FIG. 2, includes an outer housing 11 and a 
hollow rotary casing 12, the casing is mounted coaxially 
to the shaft 13 of an electric motor (not shown), which 
is connected to the housing via a motor support and 
bearing assembly 14, for rotation about axis 9 which is 25 
also the axis of symmetry of the casing. The housing is 
composed principally of an annular casting 15 open at 
one end opposite from the drive motor where it is 
closed by a cover 16. A smaller cover 17 closes the 
other end of the casting and mounts a suitable seal 1830 
which cooperates with the shaft to prevent leakage of 
fluid from a housing chamber 19 along the drive shaft 
into the motor and bearing support assembly. Shaft 13 is 
supported within assembly 14 by suitable bearings (not 
shown) so that is may carry the rotary casing in a canti 
lever fashion within the housing chamber. 
Housing cover 16 defines an inlet 20 for fluid to be 

pumped. The inlet opens to a chamber 21 which leads to 
an annular inlet passage 22 formed coaxially through an 
axial inlet hub 23 of the rotary casing. A plurality of 40 
generally radial ducts 24 are formed within the end wall 
of the casing adjacent housing cover 16 and open, as at 
25, to a generally circular central pumping chamber 26 
within the casing. Openings 25 are located relatively 
closely adjacent to the outer periphery 27 of the casing. 
Ducts 24 provide fluid flow communication between 
annular inlet passage 22 and the casing chamber. 
Within the pumping chamber is a stationary pitot or 

pickup tube 28 which is oriented radially of axis 9 and is 
provided adjacent its outer end with an inlet 29 (FIG. 1) 
facing in a direction opposite to the direction of rotation 
of the rotary casing. The pitot tube has an outlet 30 
coaxial with axis 9, the outlet communicating with an 
axial discharge duct 31 leading to an outlet port 32 from 
the housing. The inlet passage surrounds the discharge 
duct throughout a portion of the length of the latter 
which is defined by a bore through an axial hub 34 of 
the pitot tube. Within the pitot tube, in a manner well 
known, is a passage 33 which is connected to the pitot 
inlet and which extends generally in the direction of 60 
casing rotation and toward the axis of the pump where 
it communicates with the pitot outlet 30. The pitot tube 
hub is supported in housing cover 16 in a stationary 
manner for rotation of the casing about the pitot tube 
hub. Thus, fluid to be pumped and pumped fluid enter 
and leave the pump in a counterflow manner coaxially 
of the casing at the end of the pump opposite the drive 
motor. 
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4. 
The general mode of operation of this apparatus as a 

pitot pump is well known so that it does not need to be 
described in great detail. Briefly, as casing 12 is rotated 
at high speed in a predetermined direction (see the 
arrow in FIG. 1) about its axis, casing ducts 24 collec 
tively function as a centrifugal pump to draw fluid to be 
pumped and cleaned into inlet 20 and to discharge such 
fluid at high velocity into the pumping chamber adja 
cent the outer periphery of the casing. Fluid in the 
pumping chamber rotates with the casing and enters the 
inlet of the pitot tube, the pressure of the fluid entering 
the pitot inlet being increased by a ram effect which 
converts the velocity head of such fluid into pressure 
due to the configuration of the pitot passage 33. The 
pump fluid entering the pitot tube flows through the 
pitot passage, into the discharge duct, and to the main 
outlet port 32 from the housing. Heavy solid or viscous 
constituents (contaminants) in fluid introduced into the 
pumping chamber are acted upon within the pumping 
chamber by centrifugal force, and tend to accumulate 
and concentrate along the inner wall of the casing at its 
outer periphery. 
The pitot tube is arranged so that its inlet is disposed 

intermediate the casing axis and the outer periphery of 
the rotary casing, rather than closely adjacent the outer 
periphery of the casing, so as to collect pumped fluid 
from which a major portion of the contaminant has 
been removed. The precise location of the pitot tube 
inlet radially of the casing is selected with regard to the 
pressure to be produced by the pump and the amount 
and extend of contaminant which is tolerable in the 
pump discharge. 
A plurality of contaminant discharge jet orifice noz 

zle assemblies 36 are mounted in the outer periphery of 
the rotary casing adjacent the outer ends of suitable 
contaminant discharge passages 37 (see FIGS. 2 and 3). 
Preferably the inlet ends of passages 37 are all aligned in 
a common plane perpendicular to the pump axis; the 
pitot tube inlet preferably is centered in this plane in 
pump-separator 10. Jet nozzles 36 and passages 37 pro 
vide communication from the interior of the casing to 
the interior of the housing. During operation of the 
pump-separator, contaminants accumulated along cas 
ing inner wall 35 are continuously discharged through 
passages 37 and the nozzles into housing chamber 19, 
Contaminants passed into the housing flow through a 
contaminant discharge port 38 formed in the lowemost 
extent of the housing. 
A stirrer vane 39 is mounted to the outer end of the 

pitot tube (as shown best in FIG. 1) and extends radially 
of the pump axis to an outer end 40 which is spaced 
closely adjacent to the casing inner surface. The close 
cooperation between the vane end and the inner surface 
of the rotary casing generates turbulence in the outer 
most extent of the pumping chamber, which turbulence 
agitates and dislodges accumulations of contaminant 
matter tending to be centrifugally deposited upon the 
casing inner walls. This agitation and dislodging of 
contaminants promotes flow of the contaminants 
through the jet nozzles and counteracts any tendency of 
the contaminants to merely accumulate on the casing 
inner surface. In other words, the cooperation of the 
vane with the casing inner surfaces minimizes the thick 
ness radially of the casing, of any stagnant or low veloc 
ity laminar flow boundary layer which may tend to 
form in the pumping chamber along its outer periphery 
and from which heavy constituents of the inlet fluid 
tend to separate and build up on the casing surfaces. 
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This result in addition to enhancing the contaminant 
separation and 91 operations, also maintains the dy 
namic balance of the rapidly rotating rotary casing. 
Maintenance of the dynamic balance of the rotary cas 
ing prevents vibration and prolongs the useful life of the 
unit, especially the seals and bearings associated with 
the rotating elements of the unit and its drive motor. 

Preferably the clearance between the outer end of the 
stirrer vane and the inner surface of the casing is on the 
order of 0.125 inch or so. It is also preferred that the 
extreme tip end of the stirrer vane be defined of a very 
hard wear-resistant material, such as tungsten carbide, 
so that the stirrer vane is not unduly eroded by the 
contaminant materials, particularly solid contaminant 
materials, concentrated at the casing inner surface dur 
ing operation of the pump-separator. 

It has been found that when the fluid handled by the 
pump-separator is a mixture of oil and sand, in which 
the oil is to be pumped and the sand is to be separated, 
a simple stirrer vane, even one with a tungsten carbide 
tip, rapidly erodes at its tip. However, the vane does 
function to keep the inner surface of the casing clean 
until the stirrer vane tip has eroded substantially. To 
prevent such vane erosion, the tip end portion of the 
stirrer vane includes a pitot-type jet nozzle, which as 
shown in FIGS. 1 and 5, has an inlet 41 which faces 
from the stirrer vane in a direction opposite to the direc 
tion of rotation of the rotary casing. The jet inlet com 
municates to a passage 42 which has a first inlet portion 
43 extending into the stirrer vane in the direction of 
casing rotation and a second discharge portion 44 (see 
FIG. 5) which extends radialy outwardly of the pump 
axis to communication with the casing inner surface 
through the vane outer end. The jet inlet preferably is 
defined by a piece oftungsten carbide 45 having an axial 
bore which is received in the vane. Inlet 41 is spaced 
sufficiently inwardly from the casing surface that it 
receives relatively clean fluid from the pumping cham 
ber, which fluid is discharged at high velocity and pres 
sure from the passage to the casing surface to agitate 
and dislodge centrifugally deposited accumulations of 
contaminant matter, especially solid contaminant mat 
ter, on the casing inner surface. It has been found that 
incorporation of jet passage 42 in the outer end portion 
of stirrer vane 39 substantially entirely eliminates ero 
sion of the stirrer vane and clogging of nozzles 36 dur 
ing handling of sand-contaminated oil and the like. 
As shown particularly in FIG. 4, the stirrer vane, 

especially at and adjacent its outer end, is streamlined so 
as to generate minimum turbulence within the pumping 
chamber inwardly from the extreme outer margins of 
the chamber. The presence of turbulence within the 
pumping chamber, except immediately adjacent to cas 
ing inner surface 35, adversely affects separation of 
contaminants from the principal fluid being pumped and 
causes fluid which enters pitot tube assembly 28 to be 
less clean than would otherwise be the case. The vane 
has a much smaller projected area in a plane which 
includes the casing axis and which passes through the 
vane than it does in a plane normal to the casing axis; 
compare FIGS. 2 and 1, respectively. 
To better adapt pump-separator 10 for use as a pres 

surizer for the motive fluid, oil, supplied to a well bore 
pump, a gas extraction tube 46 is disposed coaxially 
within the hub of the pitot tube assembly, The gas ex 
traction tube is located within discharge duct 31 so as to 
extend through discharge port 32, and preferably also 
through a collection fitting 47 connected to the housing 
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6 
for receiving pumped fluid from the discharge port. 
The discharge duct 31 from the pitot passage is annular 
and is defined about the exterior of the gas extraction 
tube which has an inlet 48 into the pumping chamber 
through the pitot tube assembly along the pump axis. 

It is quite common for gas to be present, either in its 
free state or in solution, in oil extracted from an oil well, 
and the presence of such gas in oil introduced to the 
pump-separator 10 tends to accumulate in the central 
portion of the pumping chamber. Such accumulated gas 
enters the gas extraction tube for removal from the 
pump chamber separately from removal of pumped 
fluid from the pumping chamber via the pitot tube as 
sembly. The presence of gas extraction tube 46 in pump 
separator 10 assures that free gas in the pumping cham 
ber does not accumulate in sufficient quantities to enter 
the pitot passage with oil from which sand and the like 
has been separated. It will be understood, however, that 
if the oil extracted from the oil well of interest contains 
large quantities of free gas, say, greater than 5% by 
volume, it may be preferable to extract such gas from 
the oil in a conventional gas/oil separator before intro 
ducing the oil into the pump-separator. 
To assure trouble-free operation of pump-separator 

10, it is desirable that the fluid presented to the casing 
side of the seal assembly 18 be as free of sand or other 
solid contaminants as possible, and that a flow of rela 
tively clean fluid be established across the casing side of 
the seal assembly to wash away any solid contaminants 
which may enter the vicinity. Solid contaminants intro 
duced into chamber 19 through jet nozzle assemblies 36 
are routed away from the area of the seal assembly, as 
they moe to contaminant discharge port 38, by a plural 
ity of deflector baffles 49 connected to the inner walls of 
the housing adjacent to the seal assembly. As shown in 
FIG. 2, the deflector baffles preferably are formed inte 
gral with the inner walls of the housing concentric to 
the axis 9 circumferentially around the housing opening 
50 which is closed by cover 17. Each baffle increases in 
diameter proceeding into the housing chamber along 
axis 9. Accordingly, each of the baffles has a configura 
tion of a truncated right cone. The ends of the baffles 
spaced from the housing wall cooperate closely with 
the adjacent surfaces of the rotary casing 12. Sand pre 
sent in the upper portions of the housing chamber 19 
falls upon the convex outer surfaces of the baffles and 
slides along the inclined surfaces of the baffles toward 
the housing wall and downwardly along the housing 
wall to the lower portions of the housing chamber, 
rather than tending to pass through the spaces between 
the ends of the baffles and the casing into the vicinity of 
the seal assembly 18. 
During operation of the pump-separator 10, the cas 

ing side of the seal assembly is bathed by relatively 
clean pumped fluid applied to the vicinity of the seal 
assembly by a plurality of circulation passages 51 in the 
rotary casing. The passages open at their ends opposite 
from the pumping chamber into the space 52 adjacent 
the seal assembly which is encircled by the innermost 
one of the deflector baffles 49. A coupling 53 is screwed 
to the end of motor shaft 13 within the housing chamber 
for mounting the rotary casing to the shaft. A notch 54 
is cut in a flange 55 of the coupling in alignment with 
each of the circulation passages so that pumped fluid 
emerging from the passages into space 52 may be 
sprayed directly upon the casing side of the seal assem 
bly. Flange 55 is provided on the coupling to receive 
bolts 56 which connect the casing to the coupling. 
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Thus, any particles of sand or other contaminant materi 
als which may enter into the immediate vicinity of the 
inner side of seal assembly 18 are washed away from the 
seal assembly by virtue of the continuous spray of a 
small portion or relatively clean fluid taken from the 
pumping chamber for this purpose. 
Another pump-separator 60 is shown in FIGS. 6 and 

7. To the extent that pump separator 60 includes com 
ponents or parts identical to or very similar to previ 
ously described components of pump-separator 10, the 
same character numbers as have been used above in the 
preceding description pertinent to FIGS. 1-5 are also 
used in FGS. 6 and 7. 
In pump-separator 60, housing 11", the major element 

of the housing is an annular built-up and welded unit 
rather than a casting, and the opposite ends of the hous 
ing are closed by covers 16 and 17 at the inlet to the 
pump and around the pump drive shaft 13. 
The rotary casing 12 of the pump-separator 60 in 

cludes an annular separation-assisting baffle assembly 62 
carried by the wall of the casing through which the 
radial inlet ducts 24 are formed. The annular baffle 
assembly is disposed concentrically about the axis of the 
pump-separator. The baffle assembly divides the pump 
ing chamber into an outer pumping chamber 63 and an 
inner pumping chamber 64 within the annulus of the 
baffle assembly. The pitot tube assembly 28 is disposed 
within the inner pumping chamber. A stirrer Vane 65 
has an axial hub 66 which extends through an axial 
opening in an end plate 67 of the baffle assembly. The 
stirrer vane hub is secured to the pitot tube assembly 
within the inner pumping chamber; the stirrer vane 
itself is disposed in the outer pumping chamber. 
The stirrer vane is disposed principally perpendicular 

to the axis 9 in a plane spaced parallel to the plane in 
which are disposed a plurality of contaminant jet nozzle 
assemblies 68 (see FIG. 7) in the casing outer periphery. 
An outer end portion 69 of the stirrer vane is oblique 
(FIG. 6) to the axis so that the outlet portion of a pitot 
jet passage 70 in the outer end portion of the vane di 
rects a jet of relatively clean pumped fluid against the 
inner surfaces 35 of the rotary casing generally in the 
plane of the contaminant jet nozzle assemblies 68. 
The contaminant jet nozzle assemblies preferably are 

of the type described and illustrated in U.S. Pat. No. 
3,817,446, see especially FIGS. 2, 3 and 4 thereof, and 
are arranged approximately tangentially in the rotary 
casing so that the reaction on the rotary casing of the 
discharge therefrom is in a direction-assisting rotation 
of the rotary chamber casing about axis 9. 

Jet passage 70 (see FIG. 7) is formed in the outer end 
portion of stirrer vane 65 so that pump-separator 60 
includes a pitot-type jet assembly, similar to that illus 
trated in FIGS. 4 and 5 in the context of pump-separator 
10, for creating turbulence in the outer pumping cham 
ber essentially only along the outer periphery of the 
rotary casing. As noted above, such turbulence mini 
mizes the existence of a stagnant or low velocity bound 
ary layer of contaminant-rich fluid along the outer walls 
of the pumping chamber; centrifugally separated con 
taminants in the outer pumping chamber tend not to 
accumulate and build up at the outer margin of the 
pumping chamber. The stream of relatively clean 
pumped fluid discharged at high velocity from the outer 
end of the stirrer vane also bathes the inlets to the jet 
nozzle assemblies 68 as they periodically pass by the 
outer end of the stationary vane, thereby serving to 
prevent clogging of the jet nozzle assemblies. 
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8 
A gas extraction duct 46 has its inlet 48 formed 

through stirrer vane hub 66, and extends coaxially 
within the discharge duct 31 and through the discharge 
port. 
As noted above, separation assisting baffle assembly 

62 is disposed within the interior of the rotary casing 
circumferentially of pitot tube assembly 28 to minimize 
turbulence within the inner pumping chamber 64 which 
includes the annulus within the baffle assembly and the 
spaces between a plurality of annular flat radially-dis 
posed baffle disks 71. The baffle disks are spaced along 
the axis 9 and are held between inner and outer carriers 
72 and 73 arranged to provide minimum resistance to 
flow of fluid from the outer pumping chamber to the 
central portion of the inner pumping chamber; carriers 
72 and 73 conveniently may take the form of cylinders 
of perforated metal secured at their opposite ends to the 
baffle assembly end plate 67 and to the radially ducted 
end wall of the rotary casing. As apparent from FIG. 6, 
the outer circumferential margin of inner pumping 
chamber 64 is subdivided into a plurality of layers each 
of which is radially disposed, the adjacent layers being 
separated by corresponding ones of the baffle disks. 
Any turbulence generated in any one of these layers is 
confined to that layer itself, and such turbulence is also 
minimized. The result is that the fluid flow from the 
outer pumping chamber into the central portion of the 
inner pumping chamber tends to be laminar flow. The 
avoidance of turbulence in the outer margin of the inner 
pumping chamber reduces the tendency of fluid flowing 
from the outer pumping chamber into the inner pump 
ing chamber to carry with it contaminants, such as sand 
or the like, introduced into the outer pumping chamber 
through openings 25 and separated from the inlet fluid 
by centrifugal action in the outer pumping chamber and 
in the outermost extents of the layers between the baffle 
disks. The minimization of turbulent flow in the outer 
portions of the inner pumping chamber, for any given 
set of operating conditions of the pump-separator, has a 
direct effect upon the size of sand particles which can 
effectively be separated from fluid introduced into the 
rotary casing. Small particles of sand are more prone 
than large particles to being carried into the vicinity of 
the pitot tube inlet 29 by fluid flowing from the outer to 
the inner pumping chambers. The elimination of turbu 
lence directly enhances the ability of the pump-separa 
tor to separate small particles of sand from the raw fluid 
supplied to the inlet port 20. In an exemplary pump 
separator, five baffle disks are provided spaced apart 
0.375 inch, and have a radial extend between the inner 
and outer peripheries of about 3 inches. 
A pitot pump-separator of the type contemplated by 

this invention may include a rotary casing 18 inches in 
diameter driven at 3600 rpm, for example. In such cir 
cumstances, it is apparent that the streams of oil and 
sand, for example, which emerge from jet nozzles 68 
into the housing chamber 19 have considerable veloc 
ity. An examination of FIG. 7, for example, will show 
that these streams will tend to erode the inner walls of 
the housing in the plane of the jet nozzle assemblies. In 
pump-separator 60, such erosion of the walls of the 
housing is prevented by the presence of a liner 75 of 
elastomeric material, such as DuPont Adiprane L-83 
rubber having a Shore hardness of 80. The liner is dis 
posed on the surfaces of the housing chamber at loca 
tions so related to the positions of jet nozzles 68 to 
receive at least a principal portion of the material dis 
charged into the housing by the jet nozzles. As shown in 
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FIG. 7, liner 75 includes a strip 76 of rubber, bonded to 
the underside of a closure 77 to an access port 78 pro 
vided into the housing at the upper extent thereof, so as 
to be in the plane of the jet nozzle assemblies when the 
closure is secured to the housing, as shown in FIG. 6. 
Liner 75 is further provided by a pair of identical wall 
liner strips 79 which are composed of lengths of rubber 
in which a core 80 of strip steel is embedded to project 
beyond the opposite ends of the rubber. The exposed 
ends of the cores serve as lugs by which the stips 79 may 
be screwed, as 81 (see FIG. 7), into the housing at the 
access and contaminant discharge ports (see FIG. 6). It 
is preferred that liner strips 79 be removably secured in 
the housing as by screws 81, rather than being bonded 
permanently to the interior of the housing, so that the 
liner strips may be replaced from time to time as they 
become worn. 
As illustrated in FIG. 6, housing cover 17 of pump 

separator 60 has connected thereto by bolts 82 a seal 
carrier disk 83 which is a component of the housing and 
which is axially bored to receive shaft seal assembly 18 
for the purposes described above. It was noted in the 
description of pump-separator 10 that it is desirable to 
prevent, to the greatest extent possible, sand or other 
contaminants present in housing chamber 19 from enter 
ing into the vicinity of seal assembly 18. 

In pump-separator 60, the function of the deflector 
baffles 49 in pump-separator 10 is performed by a series 
of circular deflector grooves 84 formed in the face of 
seal carrier disk 83 which opposes the rotary casing. 
The deflector grooves are formed concentric to the 
pump-separator axis 9 and are defined so that, proceed 
ing away from their bottoms, they slope upwardly and 
outwardly from the axis to open toward the outer pe 
riphery of the housing chamber 19. A series of fins 84 
are carried by the adjacent face of the rotary casing and 
cooperate with the deflector grooves. This cooperation 
causes any sand or the like which may move from the 
upper extent of the housing chamber to between the 
rotary casing and the housing toward seal assembly 18 
to be urged into deflector grooves 84. Such sand falls to 
the bottom of the grooves, then along the grooves 
around the seal assembly, and then outwardly from the 
grooves below the drive shaft 13 in the vicinity of the 
contaminant discharge port 38. 

In pump-separator 60, the inner face of seal assembly 
18 is washed by a stream of relatively clean pumped 
fluid, but by virtue of a mechanism which differs from 
the mechanism described above as to pump-separator 
10. In pump-separator 60, a portion of the pumped fluid 50 
which is collected from the inner pumping chamber 64 
by the pitot tube assembly 28 is used for this purpose. A 
port 86 is formed radially through the hub of housing 
cover 16 upstream of discharge port 32. A length of 
tubing 87 is connected to the port, as by fitting 88, and 
extends around the exterior of the housing to be cou 
pled to a port 89 through the other housing cover 17 
above drive shaft 13. A check valve 90 is included in the 
tubing to assure that fluid flows only from discharge 
duct 31 to port 89. A passage 91 is defined through the 
seal carrier disk 83 from the port 89 to the housing 
chamber 19 at a location just above the drive shaft 
adjacent the inner extent of the seal assembly, as shown 
in FIG. 6. Preferably passage 91 is defined by a tube 92 
snugly received in a suitable hole drilled through the 
seal carrier disk. The tube defines a jet nozzle at its 
outlet end. Accordingly, during operation of the pump 
separator 60, a stream of clean pumped fluid is continu 
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10 
ously sprayed into the vicinity of the inner face of the 
seal assembly 18 above the drive shaft for establishing 
and maintaining a flow pattern which carries away from 
the seal assembly any particles of sand which may enter 
the area. 
A portion of another pump-separator 100, which does 

not include a gas extraction duct as do pump-separators 
10 and 60, is shown in FIG. 9. The discharge duct 31, at 
its end near the outlet 30 from the pitot passage 33, is 
completely closed as at 101. A stirrer vane assembly 102 
has its hub 103 secured to the pitot tube assembly 28 
within pumping chamber 26 as by machine screws 104. 
A stirrer vane 105 extends radially of the pump-separa 
tor axis 9 in a plane perpendicular to the axis to an outer 
end 106 which is spaced closely adjacent to but in 
wardly from the casing inner peripheral surface 35 sub 
stantially in the same plane in which are located in the 
outer periphery of the casing a plurality of contaminant 
jet assemblie 68. A jet passage 107 is defined radially in 
the outer end portion of the stirrer vane between an 
outlet in the vane end and an inlet 108 located more 
inwardly toward the pump-separator axis and facing in 
a direction opposite to the direction of rotation of the 
rotary casing. Jet passage 107 functions in the same 
manner as jet passage 42 shown in FIG. 4, for example, 
and described above. 

Stirrer vane assembly 102 is adapted for mounting to 
the structure of an existing pitot pump-separator of the 
type shown in U.S. Pat. No. 3,817,446, for example, to 
provide the same contaminant agitating benefits as are 
provided in pump-separator 10, for example. 
When only a stirrer vane without a pitot jet passage 

provided in its outer end is incorporated in a pump 
separator according to this invention, the clearance 
between the outer end of the stirrer vane and the adja 
cent walls of the rotary casing should be of the nature 
mentioned above, i.e., about 0.125 inch. On the other 
hand, where the stirrer vane incorporates a jet passage 
such as passage 42, the clearance between the end of the 
stirrer vane and the adjacent face of the rotary casing 
may be reduced to as little as 0.050 inch. Preferably the 
outlet opening of a stirrer vane jet passage has a diame 
ter in the range of from about 0.045 to about 0.150 inch. 
FIG. 10 is a graphical representation of the effect in a 

pump-separator according to this invention of total 
fluid flow rate on cleaning efficiency in terms of the 
percentage of sand particles of a given size removed 
from the inlet fluid when the pump-separator is oper 
ated at constant rpm. FIG. 10 pertains to a pump 
separator operated at 3600 rpm, in which the contami 
nant discharge nozzles from the pumping chamber to 
the housing chamber are defined radially of the pump 
separator axis (as is the case with the jet nozzle assem 
blies 36 of pump-separator 10) and have a minimum. 
flow diameter of 0.043 inch, and in which the contami 
nant is predominately about 30 micron sand. Curve 110 
of FIG. 10 describes the cleaning efficiency of this 
pump-separator when the flow rate through the pump 
separator is 40 gallons per minute, and curve 111 de 
scribes the operation of the same unit when the flow 
rate is 100 gallons perminute. An examination of curves 
110 and 111 shows that the cleaning efficiency of the 
pump-separator increases with decreasing rate of flow 
of inlet fluid to the unit. For example, where the inlet 
fluid flow rate is 100 gallons per minute, 58% of the 
sand particles having a size of 10 microns are removed 
from the inlet fluid, whereas when the same pump 
separator is operated at a flow rate of 40 gallons per 
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minute, approximately 77% of the 10 micron sand parti 
cles are removed from the inlet fluid. 
The term "contaminant' has been used in the preced 

ing description, and also in the following claims, to refer 
to heavy constituents of fluid delivered to the pumping 
chamber within the rotary casing and separated from 
the delivered fluid by cemtrifugal action within the 
pumping chamber in response to rotation of the casing; 
the heavy constituents may be solid or they may be 
fluids. The term "contaminant' has been used above 
because, in the exemplary and presently preferred util 
ity of the pump-separator, sand is a contaminant in the 
principal fluid, oil, and is to be removed as an undesired 
constituent not of interest. In some uses of these pump 
separators, the constituent centrifugally removed from 
the fluid delivered to the pumping chamber, rather than 
its carrier fluid, may be the constituent of principal 
interest. Therefore, the term "contaminant' as used 
above should not be regarded as meaning that the solid 
or rather heavy constituents centrifugally removed in 
the casing from the fluid therein and discharged from 
the casing by the peripheral orifices (e.g., jet nozzles 36) 
may not be useful or have value in their own right, 
Workers skilled in the art to which this invention 

pertains will appreciate that the foregoing description 
has been presented principally by way of illustration 
and example with reference to presently preferred em 
bodiments of the invention. Such persons will also ap 
preciate that modifications may be made in the struc 
tures and procedures described without departing from 
the scope of this invention. Accordingly, the foregoing 
description should not be considered as limiting the 
scope of the invention as set forth in the following 
claims. 
What is claimed is: 
1. A combination pitot pump and centrifugal separa 

tor, including: 
a, a rotary casing mounted for rotation in a selected 

direction about an axis; 
b. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

c. a pumped fluid discharge duct coaxial with the 
casing; 

d. a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

e. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid introduced 
into the casing and separated centrifugally there 
from within the casing; and 

f, means operable during pumping and separating 
operation of the pump and separator for agitating 
centrifugally separated accumulations of contami 
nant matter on the inner surface of the casing along 
the entire extent of the outer periphery thereof. 

2. Apparatus according to claim 1 wherein the agitat 
ing means comprises a vane mounted in the casing and 
extending to an agitating end spaced proximate to the 
inner surface of the casing substantially radially in 
wardly of the path along which the orifice means move 
during rotation of the casing. 
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3. Apparatus according to claim 2 wherein the vane is 

stationary in the casing and extends generally radially of 
the casing axis. 

4. Apparatus according to claim 2 wherein the vane 
has a substantially smaller projected area in a plane 
including the casing axis and passing through the vane 
than it does in a plane normal to the casing axis. 

5. Apparatus according to claim 4 wherein the vane 
has a terminal portion adjacent the agitating end thereof 
which is streamlined relative to the flow of fluid there 
past in the direction of rotation of the casing. 

6. Apparatus according to claim 2 wherein the vane, 
at least at and adjacent the agitating end thereof, is 
defined by an erosion resistant material. 

7. Apparatus according to claim 6 wherein the ero 
sion resistant material is tungsten carbide. 

8. Apparatus according to claim 2 wherein the vane is 
mounted to the pitot tube at a location in the casing 
spaced from the casing axis and is disposed in a plane 
normal to the casing axis common to the pitot tube. 

9. Apparatus according to claim 2 wherein the vane is 
mounted to the pitot tube adjacent the casing axis and 
extends generally parallel to the pitot tube toward the 
outer periphery of the rotary casing. 

10. Apparatus according to claim 1 wherein the agi 
tating means comprises jet means for directing a stream 
of fluid to the inner surfaces of the casing at the outer 
periphery thereof in the vicinity of the orifice means. 

11. A combination pitot pump and centrifugal separa 
tor, including: 

a. a rotary casing mounted for rotation in a selected 
direction about an axis; 

b. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

c. a pumped fluid discharge duct coaxial with the 
casing; 

d. a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

e. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid introduced 
into the casing and separated centrifugally there 
from within the casing; 

f, means for agitating centrifugally separated accumu 
lations of contaminant matter on the inner surface 
of the casing at the outer periphery thereof, the 
agitating means comprising a vane mounted in the 
casing and extending to an agitating end spaced 
proximate to the inner surface of the casing in the 
vicinity of the path along which the orifice means 
move during rotation of the casing; and 

g. annular separation enhancing baffle means in the 
casing, the pitot tube being disposed within the 
annulus of the baffle means. 

12. Apparatus according to claim 11 wherein the 
baffle means divides the interior of the casing into an 
inner pumping chamber within the baffle means and its 
annulus and into an outer pumping chamber to which 
contaminated fluid to be pumped and cleaned is deliv 
ered, and the vane is disposed in the outer pumping 
chamber. 
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13. Apparatus according to claim 12 wherein the 
baffle means are carried by the casing for rotation there 
with. 

14. Apparatus according to claim 13 wherein the 
baffle means comprises a plurality of annular disks dis- 5 
posed normal to the casing axis and spaced along the 
aX1S. 

15. A combination pitot pump and centrifugal separa 
tor, including: 

a, a rotary casing mounted for rotation in a selected 
direction about an axis; 

b. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

c. a pumped fluid discharge duct coaxial with the 
casing; 

d. a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

e. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid introduced 
into the casing and separated centrifugally there 
from within the casing; and 

f means for agitating centrifugally separated accumu 
lations of contaminant matter on the inner surface 
of the casing at the outer periphery thereof, the 
agitating means comprising jet means for directing 
a stream of fluid to the inner surfaces of the casing 
at the outer periphery thereof in the vicinity of the 
orifice means, the jet means including jet passage 
means having an outlet in the interior of the casing 
directed toward the casing inner surface in said 
vicinity and having an inlet spaced nearer the cas 
ing axis than the outlet is and opening in a direction 
opposite to the direction of rotation of the casing. 

16. Apparatus according to claim 15 including a vane 
mounted in the casing and extending to an end spaced 
proximate to the inner surface of the casing in the vicin 
ity of the orifice means, and wherein the jet passage 
means is defined in the vane so that the jet passage 
means outlet opens from the end of the vane. 

17. Apparatus according to claim 16 wherein the vane 
is stationary in the casing and extends generally radially 
of the casing axis. 

18. Apparatus according to claim 16 wherein the vane 
has a substantially smaller projected area in a plane 
including the casing axis and passing through the vane 
than it does in a plane normal to the casing axis. 

19. Apparatus according to claim 18 wherein the vane 55 
has a terminal portion adjacent the agitating end thereof 
which is streamlined relative to the flow of fluid there 
past in the direction of rotation of the casing. 

20. Apparatus according to claim 16 wherein the 
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vane, at least at and adjacent the agitating end thereof, 60 
is defined by an erosion resistant material. 

21. Apparatus according to claim 20 wherein the 
erosion resistant material is tungsten carbide. 

22. Apparatus according to claim 16 wherein the inlet 
of the jet passage means is located further outwardly 65 
from the casing axis than the pitot tube inlet. 

23. Apparatus according to claim 16 wherein the vane 
is mounted to the pitot tube at a location in the casing 

14 
spaced from the casing axis and is disposed in a plane 
normal to the casing common to the pitot tube. 
24. Apparatus according to claim 16 wherein the vane 

is mounted to the pitot tube adjacent the casing axis and 
extends generally parallel to the pitot tube toward the 
outer periphery of the rotary casing. 
25. Apparatus according to claim 16 including annu 

lar separation enhancing baffle means in the casing, and 
wherein the pitot tube is disposed within the annulus of 
the baffle means. 
26. A combination pitot pump and centrifugal separa 

tor, including: 
a, a rotary casing mounted for rotation in a selected 

direction about an axis; 
b. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

c. a pumped fluid discharge duct coaxial with the 
casing; 

d. a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

e. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid introduced 
into the casing and separated centrifugally there 
from within the casing; 

f, means for agitating centrifugally separated accumu 
lations of contaminant matter on the inner surface 
of the casing at the outer periphery thereof; and 

g, annular separation enhancing baffle means in the 
casing, the pitot tube being disposed within the 
annulus of the baffle means, the baffle means divid 
ing the interior of the casing into an inner pumping 
chamber within the baffle means and its annulus and 
into an outer pumping chamber to which contami 
nated fluid to be pumped and cleaned is delivered. 

27. Apparatus according to claim 26 wherein the 
baffle means are carried by the casing for rotation there 
with. 
28. Apparatus according to claim 27 wherein the 

baffle means comprises a plurality of annular disks dis 
posed normal to the casing axis and spaced along the 
axS. 
29. A combination pitot pump and centrifugal separa 

tor, including: 
a. a housing defining a chamber therein; 
b. a rotary casing in the chamber mounted for rotation 

in a selected direction about an axis; 
c. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

d. a pumped fluid discharge duct coaxial with the 
casing; 

e, a rotatable shaft extending into the housing cham 
ber along said axis and mounting the rotary casing 
thereon at an end of the casing opposite from the 
pumped fluid discharge duct; 

f, seal means cooperating between the housing and 
the shaft adjacent the casing for sealing against flow 
of fluid along the shaft from the housing chamber; 

g. a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
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of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

h. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid introduced 
into the casing and separated centrifugally there 
from within the casing; 

i. means for agitating centrifugally separated accumu 
lations of contaminant matter on the inner surface 
of the casing at the outer periphery thereof; and 

j. contaminant deflector means carried by the housing 
adjacent the seal means for deflecting from the 
vicinity of the seal means contaminant matter deliv 
ered to the housing chamber by the orifice means. 

30. Apparatus according to claim 20 wherein the 
deflector means comprises at least one fin-like baffle 
member extending from the housing into the housing 
chamber along an arc substantially about the shaft axis 
adjacent to and radially outwardly of the seal means at 
least above the seal means, the baffle member having a 
surface facing away from the shaft axis which slopes 
away from the shaft axis proceeding into the housing 
chamber from the housing. 

31. Apparatus according to claim 30 wherein said arc 
extends circumferentially around the seal means. 

32. Apparatus according to claim 29 wherein the 
deflector means comprises at least one groove defined 
in the housing along an arc substantially about the shaft 
axis adjacent to and radially outwardly of the seal 
means at least above the seal means, the groove opening 
to the housing chamber and having wall surfaces which 
face away from the shaft axis proceeding along the 
groove from the bottom thereof to the housing cham 
ber. 

33. Apparatus according to claim 32 wherein the 
deflector means comprises deflector fin means carried 
by the rotary casing adjacent the opening of the deflec 
tor groove to the housing chamber. 

34. Apparatus according to claim 32 wherein the arc 
of said groove extends circumferentially around the seal 
C2S. 

35. A combination pitot pump and centrifugal separa 
tor, including: 

a, a housing defining a chamber therein; 
b. a rotary casing in the chamber mounted for rotation 

in a selected direction about an axis; 
c. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

d. a pumped fluid discharge duct coaxial with the 
casing; 

e. a rotatable shaft extending into the housing cham 
ber along said axis and mounting the rotary casing 
thereon at an end of the casing opposite from the 
pumped fluid discharge duct; 

f, seal means cooperating between the housing and 
the shaft adjacent the casing for sealing against flow 
of fluid along the shaft from the housing chamber; 

g. a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
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toward the axis to an outlet connected to the dis 
charge duct; 

h. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid introduced 
into the casing and separated centrifugally there 
from within the casing; 

i. means for agitating centrifugally separated accumu 
lations of contaminant matter on the inner surface 
of the casing at the outer periphery thereof; and 

j. circulation means for directing a stream of fluid past 
the seal means for removing from the vicinity of the 
seal means contaminant matter delivered to the 
housing chamber by the orifice means. 

36. Apparatus according to claim 35 wherein the 
circulation means comprises at least one circulation 
passage formed through the rotary casing from an inlet 
opening to the interior of the casing to an outlet opening 
to the housing chamber adjacent the seal means, the 
circulation passage opening to the interior of the casing 
at a location spaced from the axis for receiving fluid 
from the casing which is relatively clean of contaminant 
matter as compared to fluid delivered to the interior of 
the casing. 

37. Apparatus according to claim 35 wherein the 
circulation means comprises a circulation passage 
through the housing opening to the housing chamber 
proximate to and above the shaft adjacent the seal 
means, and duct means for supplying to the circulation 
passage a portion of the pumped fluid from said dis 
charge duct. 
38. A combination pitot pump and centrifugal separa 

tor, including: 
a, a housing having a chamber therein; 
b. a rotatable shaft extending into the housing cham 

ber; 
c. a rotary casing mounted to the shaft in the housing 
chamber for rotation in a selected direction about 
an axis; 

d. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

e. a pumped fluid discharge duct coaxial with the 
casing; 

f, a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

g, orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
teriors of the casing and the housing for discharging 
into the housing contaminant matter in fluid intro 
duced into the casing and separated centrifugally 
therefrom within the casing; 

h. seal means cooperating between the housing and 
shaft for sealing against flow of fluid along the shaft 
from the housing chamber; and 

i. contaminant deflector means carried by the housing 
adjacent the seal means for deflecting from the 
vicinity of the seal means contaminant matter deliv 
ered to the housing chamber by the orifice means. 

39. Apparatus according to claim 38 wherein the 
deflector means comprises at least one fin-like baffle 
member extending from the housing into the housing 
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chamber along an arc substantially about the shaft axis 
adjacent to and radially outwardly of the seal means at 
least above the seal means, the baffle member having a 
surface facing away from the shaft axis which slopes 
away from the shaft axis proceeding into the housing 
chamber from the housing. 
40. Apparatus according to claim 39 wherein said arc 

extends circumferentially around the seal means. 
41. Apparatus according to claim 38 wherein the 

deflector means comprises at least one groove defined 
in the housing along an arc substantially about the shaft 
axis adjacent to and radially outwardly of the seal 
means at least above the seal means, the groove opening 
to the housing chambers and having wall surfaces 
which face away from the shaft axis proceeding along 
the groove from the bottom thereof to the housing 
chamber. 

42. Apparatus according to claim 41 wherein the 
deflector means comprises deflector fin means carried 
by the rotary casing adjacent the opening of the deflec 
tor groove to the housing chamber. 

43. Apparatus according to claim 41 wherein the arc 
of said groove extends circumferentially around the seal 
eaS 
44. A combination pitot pump and centrifugal separa 

tor, including: 
a, a housing having a chamber therein; 
b. a rotatable shaft extending into the housing cham 

ber; 
c. a rotary casing mounted to the shaft in the housing 
chamber for rotation in a selected direction about 
an axis; 

d. means for delivering to the interior of the casing a 
contaminated fluid to be pumped and cleaned; 

e. a pumped fluid discharge duct coaxial with the 
casing; 

f a pitot tube extending radially of said axis in the 
rotary casing and having adjacent its outer end an 
inlet facing in a direction opposite to the direction 
of rotation of the rotary casing, the pitot tube hav 
ing a passage connected to the inlet and extending 
generally in the direction of casing rotation and 
toward the axis to an outlet connected to the dis 
charge duct; 

g. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
teriors of the casing and the housing for discharging 
into the housing contaminant matter in fluid intro 
duced into the casing and separated centrifugally 
therefrom within the casing. 

h. Seal means cooperating between the housing end 
and the shaft for sealing against flow of fluid along 
the shaft from the housing chamber; and 

i. circulation means for directing a stream of fluid past 
the seal means for removing from the vicinity of the 
seal means contaminant matter delivered to the 
housing chamber by the orifice means. 

45. Apparatus according to claim 44 wherein the 
circulation means comprises at least one circulation 
passage formed through the rotary casing from an inlet 
opening to the interior of the casing to an outlet opening 
to the housing chamber adjacent the seal means, the 
circulation passage opening to the interior of the casing 
at a location spaced from the axis for receiving fluid 
from the casing which is relatively clean of contaminant 
matter as compared to fluid delivered to the interior of 
the casing. 
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46. Apparatus according to claim 44 wherein the 

circulation means comprises a circulation passage 
through the housing opening to the housing chamber 
proximate to and above the shaft adjacent the seal 
means, and duct means for supplying to the circulation 
passage a portion of the pumped fluid from said dis 
charge duct. 
47. A method of preventing accumulations of heavy 

contaminant matter on the outer peripheral surfaces of 
a chamber in a rotary casing in a centrifugal separator 
which may cause the casing to become unbalanced or 
which may cause clogging of discharge orifices formed 
through the outer periphery of the casing, the method 
comprising the step of preventing during each rotation 
of the casing the formation of a stagnant or low velocity 
laminar flow boundary layer along the outer peripheral 
surfaces of the casing chamber along the entire path of 
movement of the contaminant discharge orifices. 

48. The method according to claim 47 wherein the 
step of preventing the formation of the boundary layer 
includes agitating fluid and matter therein principally 
only in an area proximately adjacent to the chamber 
outer peripheral surfaces. 

49. The method according to claim 48 wherein the 
agitating step is performed by locating in the chamber a 
stationary streamlined vane having an end defined of an 
erosion resistant material and spaced closely adjacent 
the casing peripheral surface. 

50. The method according to claim 48 wherein the 
agitating step is performed by directing toward said 
casing peripheral surfaces a stream of agitating fluid at 
high velocity. 

51. The method according to claim 50 including sup 
plying the agitating fluid from a location in the casing 
chamber spaced toward the axis of rotation thereof 
from the chamber outer peripheral surface. 

52. The method according to claim 51 including col 
lecting the agitating fluid from the chamber and pres 
surizing the same by means of a pitot tube prior to di 
recting the fluid toward the casing outer peripheral 
surface. 
53. A combination pitot pump and centrifugal separa 

tor including: 
a. a rotary casing mounted for rotation in a selected 
direction about an axis and defining therein a cham 
ber; 

b. a pumped fluid discharge duct coaxial with the 
casing; 

c. annular baffle means carried by the casing in the 
chamber and dividing the casing chamber into an 
inner pumping chamber within the baffle means and 
its annulus and into an outer pumping chamber; 

d. means for delivering to the outer pumping chamber 
a contaminated fluid to be pumped and cleaned; 

e. a pitot tube extending radially of said axis in the 
annulus of the baffle means and having adjacent its 
outer end an inlet facing in a direction opposite to 
the direction of rotation of the rotary casing, the 
pitot tube having a passage connected to the inlet 
and extending generally in the direction of casing 
rotation and toward the axis to an outlet connected 
to the discharge duct; and 

f. orifice means carried by the outer periphery of the 
rotary casing and communicating between the in 
terior and the exterior thereof for discharging from 
the casing contaminant matter in fluid delivered to 
the casing and separated centrifugally therefrom 
within the casing. 
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54. Apparatus according to claim 53 wherein the 
baffle means comprises a plurality of annular disks dis 
posed normal to the casing axis and spaced along the 
aX1S. 

55. In a combination pitot pump and centrifugal sepa 
rator, including a rotary casing mounted for rotation in 
a selected direction about an axis; means for delivering 
to the interior of the casing a contaminated fluid to be 
pumped and cleaned; a pumped fluid discharge duct 
coaxial with the casing; a pitot tube extending radially 
of said axis in the rotary casing and having adjacent its 
outer end an inlet facing in a direction opposite to the 
direction of rotation of the rotary casing, the pitot tube 
having a passage connected to the inlet and extending 
generally in the direction of casing rotation and toward 
the axis to an outlet connected to the discharge duct; 
and orifice means carried by the outer periphery of the 
rotary casing and communicating between the interior 
and the exterior of the casing for discharging from the 
casing contaminant matter in fluid introduced into the 
casing and separated centrifugally therefrom within the 
casing; the improvement comprising means fixed in 
position in the chamber and disposed proximately adja 
cent the path followed by the orifice means during 
rotation of the casing for agitating centrifugally sepa 
rated accumulations of contaminant matter on the inner 
surface of the casing at the outer periphery thereof 
during pumping and separating operation of the pump 
and separator. 

56. A centrifugal separator for separating particulate 
and sludge contaminants from a liquid carrier medium, 
including 

a. a rotary casing mounted for rotation about an axis, 
b. means for delivering to the casing a liquid medium 

containing contaminant material and for conduct 
ing from the casing liquid medium from which the 
contaminant material has been removed, 

c. orifice means carried by the outer periphery of the 
casing and communicating between the interior and 
the exterior thereof for discharging from the casing 
contaminant matter in liquid introduced into the 
casing and separated centrifugally therefrom within 
the casing, and 

d. agitating means in the casing mounted for rotation 
of the casing relatively therepast in operative asso 
ciation with the orifice means inwardly toward the 
axis of the path of movement of the orifice means 
during rotation of the casing and operable during 
separating operation of the separator for agitating 
centrifugally separated accumulations of contami 
nant matter on the inner surface of the casing along 
the path of the orifice means adequately to prevent 
substantial clogging of the orifice means by the 
contaminant matter. 
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57. Apparatus according to claim 56 wherein the 

agitating means comprises a vane having an agitating 
end disposed proximate the inner surface of the casing 
adjacent the path of movement of the orifice means. 

58. Apparatus according to claim 57 wherein the 
orifice means are disposed substantially in a common 
plane normal to the casing axis, and the agitating end of 
the vane is disposed substantially in said plane. 

59. Apparatus according to claim 57 wherein the vane 
is fixed in the casing. 

60. Apparatus according to claim 57 wherein the vane 
has a substantially smaller projected area in a plane 
including the casing axis and passing through the vane 
than it does in a plane normal to the casing axis. 

61. Apparatus according to claim 60 wherein the vane 
has a terminal portion adjacent the agitating end thereof 
which is streamlined relative to the flow of fluid there 
past in the direction of rotation of the casing. 

62. Apparatus according to claim 57 wherein the 
Vane, at least at and adjacent the agitating end thereof, 
is defined by an erosion resistant material. 
63. Apparatus according to claim 62 wherein the 

erosion resistant material is tungsten carbide. 
64. Apparatus according to claim 56 wherein the 

agitating means comprises jet means for directing a 
stream of fluid to the inner surfaces of the casing at the 
outer periphery thereof in the vicinity of the orifice 
e2S. 

65. Apparatus according to claim 64 wherein the jet 
means includes jet passage means having an outlet in the 
interior of the casing directed toward the casing inner 
surface in said vicinity. 

66. Apparatus according to claim 65 including a vane 
mounted in the casing and extending to an end spaced 
proximate to the inner surface of the casing in the vicin 
ity of the orifice means, and wherein the jet passage 
means is defined in the vane so that the jet passage 
means outlet opens from the end of the vane. 

67. Apparatus according to claim 66 wherein the vane 
is stationary in the casing and extends generally radially 
of the casing axis. 

68. Apparatus according to claim 65 wherein the vane 
has a substantially smaller projected area in a plane 
including the casing axis and passing through the vane 
than it does in a plane normal to the casing axis. 

69. Apparatus according to claim 65 wherein the 
vane, at least at and adjacent the agitating end thereof, 
is defined by an erosion resistant material. 

70. Apparatus according to claim 65 wherein the jet 
passage means has an inlet defined in the vane toward 
the casing axis from the outlet thereof and opening into 
the casing in a direction opposite to the direction of 
rotation of the casing. 
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